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Open access unBackground and purpose: To develop a method based on electronic portal images (EPIs) for the position
veriﬁcation of breast cancer patients that are treated with a simultaneous integrated boost (SIB) tech-
nique.
Method: 3D setup errors of the breast outline and the thoracic wall were determined from EPIs of the tan-
gential treatment ﬁelds and anterior posterior (AP) veriﬁcation ﬁeld. The method was veriﬁed with
repeated CT scans of 38 patients with an average setup error larger than 5 mm.
Result: The 3D position deviation of the boost volume can best be determined from the position deviation
of the breast outline in the ventrodorsal direction and the thoracic wall in the lateral and longitudinal
directions from the tangential and AP EPIs. The method gives an average overestimation of the deviation
of the boost volume in the ventrodorsal, lateral and longitudinal directions by 28%, 20% and 6%, respec-
tively and an average underestimation of the deviation of the whole breast by 32%, 17% and 39%.
Conclusions: The described method is superior to using tangential EPIs only and is recommended for posi-
tion veriﬁcation of breast cancer patients that are treated with a SIB technique if no Cone beam CT (CBCT)
or ﬁducial markers can be used.
 2011 Elsevier Ireland Ltd.Open access under the Elsevier OA license.
Radiotherapy and Oncology 102 (2012) 108–114In 2006, we introduced a three-dimensional conformal simulta-
neous integrated boost (3D-CRT-SIB) technique for radiotherapy
after breast-conserving surgery in our institution. The 3D-CRT-
SIB technique has several advantages compared to the traditionally
used sequential boost technique, including smaller irradiated vol-
umes and reduction of the number of fractions [1–3]. Moreover,
in a recent planning study it was shown that the results obtained
with 3D-CRT-SIB are more or less comparable to those obtained
by an Intensity Modulated SIB technique [4].
The introduction of the 3D-CRT-SIB technique did not only have
implications for radiation treatment planning but also for patient
positioning and position veriﬁcation on the linear accelerator. Tra-
ditionally, electronic portal images (EPIs) of the tangential beams
have been used for position veriﬁcation of breast cancer patients
[5–8]. However, setup errors in the direction of the tangential
beams (perpendicular to the imager) can not be detected with this
method. When a SIB technique with non-tangential beams for the
irradiation of the boost volume is used, setup errors in that direc-
tion may result in an underdosage of the boost volume. EPIs of an
additional beam, preferably perpendicular to the tangential beams,
are necessary to determine and correct three-dimensional (3D) po-diation Oncology, University
Groningen, The Netherlands.
ma).
der the Elsevier OA license.sition deviations and to guarantee adequate coverage of the boost
target volume.
The main objective of the current study is to investigate
whether position deviations of the whole breast and the boost vol-
ume, as represented by titanium surgical clips which are not visi-
ble in the EPIs, can be determined accurately from the position
deviations of the breast outline and/or the thoracic wall in EPIs
of tangential treatment beams and an additional anterior posterior
(AP) veriﬁcation beam. The accuracy of the presented method will
be discussed in relation to alternative methods like cone beam CT
(CBCT) or the use of ﬁducial markers in combination with EPIs or
kV images.
Materials and methods
Thepositiondeviations of thebreast outline and the thoracicwall
determined from the EPIs were comparedwith the deviations of the
breast outline, the thoracic wall and the surgical clips in repeated
computer tomography (CT) scans for 38 breast cancer patients with
average position deviations >5 mm in the EPIs. The following proce-
durewasused to select thesepatients fromourpopulation stage I–III
breast cancer patients treated with breast conserving surgery and
irradiated with the 3D-CRT-SIB technique [2].
EPIs of the medio-lateral (ML) and latero-medial (LM) tangen-
tial ﬁelds and an additional anterior posterior (AP, gantry angle:
N.M. Sijtsema et al. / Radiotherapy and Oncology 102 (2012) 108–114 1090) veriﬁcation ﬁeld of four monitor units (MU) were collected. The
EPIs were acquired with the camera based iView and the amor-
phous Silicium ﬂat panel iViewGT systems of Elekta (Elekta AB,
Stockholm, Sweden).
The deviation of the breast outline and the thoracic wall in the
EPIs with respect to the Digitally Reconstructed Radiographs (DRRs)
from the planning CT was determined with TheraView (Cablon Med-
ical, Leusden, The Netherlands). A Shrinking Action Level (SAL) ver-
iﬁcation protocol [9] was used with an initial action level of
a = 10 mm and Nmax = 4. For the Nth treatment fraction (N6 Nmax)
the position errors from all N fractions were averaged and compared
with an action level that was equal to a/
p
N. For treatment fractions
N > Nmax EPIs were collected weekly and averaged over the last Nmax
fractions and the action level stayed 5 mm. The SAL protocol was ap-
plied separately to four different parameters to detect large position
deviations in all directions: the average deviations of (1) the breast
outline and (2) the thoracic wall calculated from the tangential EPIs,
(3) the breast outline and (4) thoracic wall determined from the AP
EPIs. Both the thoracic wall and breast outline deviations were used
because it was not known in advance which deviations correlate the
best with the deviations of the boost volume.
If the action level was exceeded in any of the four SAL protocols
a repeated CT scan was made in the treatment position. The dose
distribution of the treatment plan was calculated on the repeated
CT scan in the treatment planning system. If the dose to both CTVs
(the whole breast and the boost target volume) still met the crite-
ria of 95–105% of the prescribed dose, no further action was taken.
Otherwise, the treatment plan was adapted. In both cases the
veriﬁcation protocol was restarted with the DRRs of the repeated
CT scan as reference images.Treatment preparation
A planning CT scan in the supine position with 3 mm slices was
used for treatment planning. Patients were positioned on a breast
board with the homolateral arm abducted alongside the head. The
skin marks were marked by radiopaque wires for visualization on
the CT scan. These skinmarks indicate the treatment reference point
and are used for patient positioning at the linear accelerator. The
treatment reference point was chosen in the surgical cavity as
marked by three to six surgical clips. For all patients except one,
the radiotherapy isocenter coincided with the treatment reference
point.
Treatment plans were made with the radiotherapy treatment
planning system Pinnacle3 (version 8.0h, Philips Radiation Oncol-
ogy Systems, Fitchburg, WI, USA). The clinical target volume
(CTV) for the whole breast was delineated by contouring the whole
breast gland tissue on the CT-scan aided by a radiopaque wire
placed around the breast. The boost CTV was deﬁned as a recon-
struction of the surgical cavity, using post-operative changes in
the breast in combination with the surgical clips placed during sur-
gery, expanded with a 3Dmargin of 1 cm and excluding the pector-
al muscle and skin. A margin between CTV and planning target
volume (PTV) of 0.5 cm was applied for the boost target volume
and of 0.5 cm in the ventrodorsal and lateral directions and
1.0 cm in longitudinal direction for the breast target volume. The
breast PTV was treated with a daily dose of 1.8 Gray (Gy) up to
50.4 Gy in 28 fractions. The boost PTV was treated simultaneously
with an additional daily dose of 0.5 or 0.6 Gy, the last in case of
minimal resection margins or focal irradicality, up to a dose of
64.4 or 67.2 Gy, respectively.Analysis of CT scans and EPIs
The repeated CT scans were made the same way as the planning
CT scans. Differences between the planning CT and the repeated CTscan were evaluated for the ﬁrst 38 patients with a repeated CT
scan. The deviations of the breast outline, thoracic wall and the
surgical cavity (as deﬁned by the displacement of the center of
mass of the surgical clips) between the consecutive CT scans were
determined in the treatment planning system. The planning and
repeated CT scans were manually matched on the marked refer-
ence points and the difference in position of the center of mass
of the surgical clips was determined. For the determination of
the position deviation of the breast outline and the thoracic wall,
a manual match on those structures was performed and the posi-
tion difference between the marked reference points was
determined.
The deviations of the breast outline and the thoracic wall be-
tween the EPIs and the corresponding DRRs from the ML, LM and
the AP EPIs were combined per fraction to calculate 3D position
errors for both structures. For this purpose a matrix coordinate
transformation as described earlier [10] was performed in Matlab
(Mathworks, Natick, Massachusetts USA). The 3D position errors
from the EPIs were averaged over all treatment fractions before
the repeated CT scan for each patient. In the following text, the re-
sults will be referred to as breast or thoracic wall deviations from
tangential and AP EPIs. A similar calculation was performed with
the data from the ML and LM EPIs only. These results will be re-
ferred to as breast or thoracic wall deviations from tangential EPIs.
The relation between the data from the CT scans and the EPIs
was investigated with a weighted total least-squares ﬁt algorithm
in Matlab that was developed by Krystek et al. [11] to ﬁt a straight
line to data with uncertainties in both the X- and Y-coordinates.
The Pearson correlation coefﬁcients were determined and the data
were ﬁt with the function y = ax + b. The slope a and the constant b
and their standard deviations (SD) were determined from the ﬁt.Results
Between October 2006 and June 2008 500 patients were veri-
ﬁed with the procedure described above. For 90 of these patients
(18%), the action level was exceeded and a repeated CT scan was
made. For 28 patients (5.6% of the initial group) the treatment plan
had to be adjusted because of insufﬁcient target coverage. The ﬁrst
38 patients with a repeated CT-scan were analyzed. Three patients
were excluded from the comparison of the thoracic wall and breast
outline deviation from the CT scans with those from the EPIs
(Fig. 1), because of missing data. They were included in the com-
parison of the deviations of the surgical clips from the CT scans
with the deviation of the thoracic wall and breast outline from
the EPIs (Figs. 2 and 3). The mean time period between surgery
and planning CT was 29.8 ± 14.9 days (1 SD) and the mean time be-
tween planning CT and start of treatment was 12.3 ± 3.6 days for
the analyzed 38 patients. The mean period between the ﬁrst treat-
ment fraction and the repeat CT was 10.0 ± 5.3 days.
In Fig. 1 position deviations of the thoracic wall (a–c) and the
breast outline (d–f) of 35 breast cancer patients are presented.
The deviations determined from the planning and the repeated
CT scans are drawn as a function of those in the tangential and
AP EPIs. In Table 1 an overview of the Pearson correlation coefﬁ-
cients and the parameters of the line ﬁt with the weighted total
least squares algorithm is given. The ﬁgures show a good correla-
tion in the ventrodorsal and lateral directions (Fig. 1a and b) and
a reasonable correlation in the longitudinal direction. The slopes
of the line ﬁt indicate that the average deviations determined from
the EPIs underestimate the deviation from the CT-scans by 6%, 16%
and 56% in the ventrodorsal, lateral and longitudinal directions.
For the breast outline the correlation between the results from
the EPIs and CT scans is good in all directions. The slope of the line
ﬁt indicates that the deviations determined from the EPIs














































































































Fig. 1. The position deviation of the thoracic wall (a–c) and the breast outline (d–f) determined from the planning and repeat CT scans versus those determined from


























































































Fig. 2. The position deviation of the surgical clips between the planning and repeat CT scans versus the deviation of the thoracic wall (a–c) and the breast outline (d–f)
determined from tangential and AP EPIs in the ventrodorsal (a, d), the lateral (b, e) and the longitudinal (c, f) direction. Data points of 38 patients and the total least squares ﬁt
lines are shown.


























































































Fig. 3. The position deviation of the surgical clips between the planning and repeat CT scans versus the deviation of the thoracic wall (a–c) and the breast outline (d–f)
determined from tangential EPIs in the ventrodorsal (a, d), the lateral (b, e) and the longitudinal (c, f) direction. Data points of 38 patients and the total least squares ﬁt lines, if
available, are shown.
Table 1
Summary of the total least squares ﬁt analysis of various combinations of the position deviations of the thoracic wall, the breast outline from the tangential and AP EPIs and from
CT scans, and the position of the surgical clips from the CT scans, as indicated per line. The Pearson correlation coefﬁcient R, the p-value, the slope a and the constant b of the line
ﬁt and their standard deviations (SD) are given.
Direction R p a SD a b [mm] SD b [mm]
Thoracic wall CTs vs. thoracic wall 3 EPIs (Fig. 1a–c) Ventrodorsal 0.88 4.E-12 1.06 0.08 1.70 0.58
Lateral 0.85 1.E-10 1.19 0.08 0.99 0.39
Longitudinal 0.63 5.E-05 2.29 0.18 3.52 0.52
Breast outline CTs vs. breast outline 3 EPIs (Fig. 1d–f) Ventrodorsal 0.77 6.E-08 1.48 0.09 1.55 0.38
Lateral 0.69 4.E-06 1.21 0.11 1.37 0.42
Longitudinal 0.81 4.E-09 1.64 0.11 1.03 0.35
Clips from CTs vs. thoracic wall 3 EPIs (Fig. 2a–c) Ventrodorsal 0.84 3E-11 0.66 0.07 1.80 0.48
Lateral 0.85 1E-11 0.83 0.07 0.33 0.34
Longitudinal 0.52 8E-04 0.94 0.10 2.05 0.33
Clips from CTs vs. breast outline 3 EPIs (Fig. 2d–f) Ventrodorsal 0.69 1E-06 0.78 0.10 0.84 0.45
Lateral 0.50 1E-03 0.82 0.10 0.98 0.38
Longitudinal 0.53 5E-04 0.90 0.10 1.00 0.30
Clips from CTs vs. thoracic wall 2 EPIs (Fig. 3a–c) Ventrodorsal 0.72 4E-07 1.44 0.19 0.85 0.53
Lateral 0.06 7E-01 NA NA NA NA
Longitudinal 0.51 1E-03 1.41 0.20 1.98 0.53
Clips from CTs vs. breast outline 2 EPIs (Fig. 3d–f) Ventrodorsal 0.63 2E-05 2.10 0.32 0.98 0.58
Lateral 0.11 5E-01 9.61 4.84 2.75 2.15
Longitudinal 0.54 5E-04 1.36 0.17 0.94 0.58
Breast outline CTs vs. thoracic wall EPIs (Fig. 4a–c) Ventrodorsal 0.85 1.E-10 0.90 0.07 1.91 0.46
Lateral 0.68 7.E-06 0.81 0.07 0.12 0.34
N.M. Sijtsema et al. / Radiotherapy and Oncology 102 (2012) 108–114 111underestimate those determined from the CTs by 32%, 17% and 39%
in the ventrodorsal, the lateral and the longitudinal directions.
In Fig. 2 the displacement of the center of mass of the clips
between the successive CT scans are plotted as a function of the
deviations of the thoracic wall (a–c) and the breast outline (d–f)
determined from the tangential and AP EPIs. The thoracic wall
deviation from the EPIs correlates reasonable (longitudinaldirection) to good (ventrodorsal and lateral direction) with the
deviation of the clips and the slope of the line ﬁt indicates an over-
estimation of the deviation of the clips by 52%, 20% and 6% in the
ventrodorsal, lateral and longitudinal directions, respectively. The
breast outline deviation from the EPIs correlates reasonable (lateral
and longitudinal directions) to good (ventrodorsal direction) with
the clips and the slope of the line ﬁt indicates an overestimation






































Fig. 4. The position deviation of the thoracic wall determined from the tangential
and AP EPIs versus the deviation of the breast outline determined from the planning
and repeat CT scans in the ventrodorsal (a) and the lateral (b) direction. Data points
of 35 patients and the total least squares ﬁt lines are shown.
112 Position veriﬁcation for breast SIBof the deviation of the clips by 28%, 22% and 11% in the ventrodor-
sal, lateral and longitudinal directions, respectively.
In Fig. 3 the displacement of the center of mass of the clips be-
tween the successive CT scans are plotted as a function of position
errors of the thoracic wall and the breast outline determined from
the tangential EPIs only. The correlations in the ventrodorsal and
the longitudinal directions are reasonable and the position devia-
tions of the clips are underestimated by 31% and 29% from the EPIs.
In the lateral direction the correlation is almost zero. Therefore, no
line ﬁt could be performed in this direction for the thoracic wall
data and the breast outline deviation from the EPIs underestimates
the deviation of the clips by 90%.
In Fig. 4 the deviation of the breast outline from CT was plotted
as a function of the thoracic wall deviation from the EPIs in the
ventrodorsal (a) and the lateral (b) direction. The correlations are
good. These plots show that the thoracic wall deviation from the
EPIs corresponds very good with the breast outline deviation from
the CT scans in these two directions.
Discussion
Thoracic wall and breast
Fig. 1 shows a good correlation between the position deviation
of both the thoracic wall and the breast outline determined from
the tangential and AP EPIs with those determined from CT, with
correlation coefﬁcients of 0.63–0.88. For a perfect correspondence
between the MV- and CT-data the slope of the line ﬁt should be 1.
The actual values for the slope of the line ﬁt a (Table 1) vary from
1.06 to 2.29 for the thoracic wall. Therefore, the position errors will
be underestimated on average by 6% and 16% in the ventrodorsaland lateral directions, which correspond to 0.6 and 1.6 mm for
common setup errors for breast cancer patients of 10 mm. This is
acceptable regarding the margins between CTV and PTV of 5 mm.
The underestimation in the ventrodorsal direction is 56% which
corresponds to 5.6 mm, which is large but probably acceptable be-
cause the margins between CTV and PTV are 10 mm in that
direction.
For the breast outline the average position deviations from EPIs
underestimate the breast outline deviations from CT by 32%, 17%
and 39% in the ventrodorsal, lateral and longitudinal directions,
respectively. From Fig. 4 it becomes clear that the position devia-
tion of the breast outline from CT also correlates well with the
deviation of the thoracic wall determined from the EPIs. If the devi-
ation of the thoracic wall from the EPIs is used to estimate the po-
sition deviation of the breast outline, an overestimation of 11% and
23% is made on average in the ventrodorsal and lateral directions.
Therefore, the position deviation of the breast outline can most
accurately be determined from the thoracic wall deviation in the
EPIs in the ventrodorsal direction (overestimation of 11%) and from
the breast outline deviation in the EPIs in the lateral (underestima-
tion of 17%) and longitudinal directions (underestimation of 39%).
For setup errors in the order of 10 mm this method will lead to er-
rors in the order of 1.1, 1.7 and 3.9 mm in the ventrodorsal, lateral
and longitudinal directions, respectively. These errors are accept-
able regarding the margins between CTV and PTV.Boost volume
The thoracic wall deviation from the EPIs gives the best correla-
tion with the position deviation of the surgical clips with correla-
tion coefﬁcients of 0.84 and 0.85 in the ventrodorsal and lateral
directions. The correlation coefﬁcients for the thoracic wall and
the breast outline in the longitudinal direction are smaller (0.5)
but there is still a reasonable to good correlation. The slope of
the line ﬁt a is comparable for the thoracic wall and the breast out-
line in the lateral and longitudinal directions and is closer to 1 for
the breast outline in the ventrodorsal direction.
In conclusion, the position of the boost volume can best be
determined from the breast outline in the ventrodorsal direction
and from the thoracic wall in the lateral and longitudinal direc-
tions, which gives an average overestimation of the position of
the boost volume of 28%, 20% and 6% in the ventrodorsal, lateral
and longitudinal directions, respectively. For position deviations
of 10 mm this would result in an error of 2.8, 2.0 and 0.6 mm in
the ventrodorsal, lateral and longitudinal directions, which would
be acceptable using margins of 5 mm between the boost CTV and
PTV. For individual patients the differences between position devi-
ations determined from the CT and EPIs can be much larger than
these values, especially in the longitudinal direction. In Fig. 2c dif-
ferences of up to 10 mm can be observed. Therefore, in our clinic
the EPI measurements are used to recognize the patients at risk
for large position deviations of the boost volume. Those patients
receive a repeated CT-scan to decide whether a position correction
or an adaptation of the treatment plan is necessary.
From Fig. 3 it becomes clear that using tangential beams for po-
sition veriﬁcation it is impossible to determine the position devia-
tions in the lateral direction. In our patient population lateral setup
errors up to 20 mmwere observed, that would have been missed if
tangential beams had been used for position veriﬁcation. There-
fore, using tangential beams for position veriﬁcation is not accept-
able for patients treated with a SIB technique.Differences between EPI and CT based registration
The most striking difference between the EPI and CT-based
results is the large difference between both the deviation of the
N.M. Sijtsema et al. / Radiotherapy and Oncology 102 (2012) 108–114 113thoracic wall and the breast outline determined from the CT and
the EPIs in the longitudinal direction (Fig. 1c and f). One explana-
tion for this difference could be the method that was used for
the registration of the planning CT and the repeat CT. The registra-
tion on the breast outline and thoracic wall of the CT has a larger
inaccuracy in the longitudinal direction because of the shape of
the structures and the slice thickness of the CT of 3 mm. Both ef-
fects are not present in the results of the surgical clips, because
the deviation of the surgical clips was determined by registration
of the CTs on the reference points which were already registered
in the longitudinal direction before the acquisition. This explains
why the results for the surgical clips correspond much better to
the EPI measurements than the results for the thoracic wall and
the breast outline in the longitudinal direction.
Topolnjak et al. [12] presented comparable underestimations of
the longitudinal setup error from tangential EPIs when compared
with CBCT scans which they explain (among other factors) by the
absence of structures in the EPIs in the longitudinal direction.
The fact that the slope of the line ﬁt for the breast outline is closer
to one than that of the thoracic wall (Table 1) supports this expla-
nation, because a larger curvature is expected in the breast outline
than in the thoracic wall, especially in patients with larger breasts.
Therefore, it is expected that the registration error of the breast
outline will be smaller than that of the thoracic wall. Topolnjak
et al. propose to use larger margins in the longitudinal direction
(8 mm) than in the other directions (5.7 mm) if off-line veriﬁcation
based on EPIs is used because of this underestimation.
In the other directions also errors occur in the manual registra-
tion of the EPIs and DRRs and of the successive CT scans. It is ex-
pected that those registration errors are in the order of 1 mm.
The EPIs are 2D projections of a 3D patient. Remeijer et al. showed
that the errors of a 2D registration method could increase consid-
erably in case of out-of-plane rotations (from 1.1 mm to 2.7 mm for
3 rotation for prostate patients) [13].
A limitation of this research is that the EPIs and the CT scans
were not acquired at the same time. The EPIs were acquired at
the linear accelerator just before treatment. The CT scans were ac-
quired one treatment fraction after the action level was exceeded.
Therefore, there will always be a difference in the results obtained
caused by the random setup error. The EPI results were averaged
over all images before the repeated CT scans (6.8 images per pa-
tient on average). Therefore, the EPI results mainly represent the
systematic position error, whereas the data from the CT scans con-
sist of both the systematic and the random position errors. Random
setup errors of about 2.5 mm were found with CBCT studies of
breast cancer patients [12,14]. This random error explains a part
of the scattering of the data around the line ﬁt, but will not inﬂu-
ence the slope of the ﬁt line for a normal distribution, because a to-
tal least squares ﬁt algorithm was used.Alternative methods
The presented method for position veriﬁcation was based on
EPIs. The main advantage of EPIs is that the equipment is widely
available and the imaging procedure takes little additional time.
Because treatment ﬁelds were used for imaging in combination
with only one veriﬁcation ﬁeld of 4 MU, the extra dose for imaging
is limited. However, in the preceding section several limitations of
the method were discussed. In the literature a few other methods
for position veriﬁcation of breast cancer patients have been pre-
sented. It is expected that kV-CBCT will provide the most accurate
information about the 3D patient position [12,14,15]. Another
advantage is that kV imaging offers higher visibility of anatomical
structures and the surgical clips marking the surgical cavity. How-
ever, CBCT’s are not yet available in all institutes at all linear accel-
erators. For example in the EORTC survey of current breastradiotherapy in 2010 only 7 out of 23 institutes used CBCT for po-
sition veriﬁcation of the breast [16]. Furthermore, the acquisition
of a full CBCT takes additional time and a risk for collisions exists
for patients on a breast board with their arms above the head. Dig-
ital tomosynthesis offers comparable accuracy to CBCT localization
while only kV images within a limited gantry angle range (e.g. 45
or less) have to be acquired [17,18].
Another possibility is the use of surgical clips in combination
with two orthogonal kV images [19]. Penninkhof et al. showed that
the position of the surgical cavity can be determined accurately
with this method. Also ﬁducial markers that are visible in the
MV EPIs, so called suture markers [20], or skin markers [21] can
be used, which is expected to give more accurate position informa-
tion in the longitudinal direction than the method described in this
paper. It would be interesting to investigate the accuracy of using
markers in combination with EPIs of the tangential and AP beams.Conclusions
We developed a method based on EPIs of the tangential treat-
ment ﬁelds and an additional AP veriﬁcation ﬁeld for the position
veriﬁcation of breast cancer patients that are treated with a SIB
technique. The 3D position deviation of the boost volume can be
determined from the position deviation of the breast outline in
the ventrodorsal and of the thoracic wall in the lateral and longitu-
dinal directions in the EPIs. The method overestimates the devia-
tion of the boost volume in the ventrodorsal, lateral and
longitudinal directions on average by 28%, 20% and 6%. The de-
scribed method is superior to using tangential EPIs only and is rec-
ommended for position veriﬁcation of breast cancer patients that
are treated with a SIB technique if no CBCT or ﬁducial markers
can be used.Conﬂict of interest statement
The authors have nothing to disclose.Acknowledgements
The authors wish to thank Ruth van der Wee and Minshellu
Casimiri for their assistance in the analysis of the repeat CT scans
and Linda van der Veen and Els Reewijk for their assistance in
the data analysis.References
[1] Van der Laan HP, Dolsma WV, Van’t Veld AA, Bijl HP, Langendijk JA.
Comparison of normal tissue dose with three-dimensional conformal
techniques for breast cancer irradiation including the internal mammary
nodes. Int J Radiat Oncol Biol Phys 2005;63:1522–30.
[2] van der Laan HP, Dolsma WV, Maduro JH, Korevaar EW, Hollander M,
Langendijk JA. Three-dimensional conformal simultaneously integrated boost
technique for breast-conserving radiotherapy. Int J Radiat Oncol Biol Phys
2007;68:1018–23.
[3] van der Laan HP, Dolsma WV, Maduro JH, Korevaar EW, Langendijk JA.
Dosimetric consequences of the shift towards computed tomography guided
target deﬁnition and planning for breast conserving radiotherapy. Radiat Oncol
2008;3:6.
[4] van der Laan HP, Dolsma WV, Schilstra C, et al. Limited beneﬁt of inversely
optimised intensity modulation in breast conserving radiotherapy with
simultaneously integrated boost. Radiother Oncol 2010;94:307–12.
[5] Creutzberg CL, Althof VGM, Huizenga H, Visser AG, Levendag PC. Quality
assurance using portal imaging: the accuracy of patient positioning in
irradiation of breast cancer. Int J Radiat Oncol Biol Phys 1993;25:529–39.
[6] Lirette A, Pouliot J, Aubin M, Larochelle M. The role of electronic portal imaging
in tangential breast irradiation: a prospective study. Radiother Oncol
1995;37:241–5.
[7] Pouliot J, Lirette A. Veriﬁcation and correction of setup deviations in tangential
breast irradiation using EPID: gain versus workload. Med Phys
1996;23:1393–8.
114 Position veriﬁcation for breast SIB[8] Smith RP, Bloch P, Harris EE, et al. Analysis of interfraction and intrafraction
variation during tangential breast irradiation with an electronic portal imaging
device. Int J Radiat Oncol Biol Phys 2005;62:373–8.
[9] Bel A, van Herk M, Bartelink H, Lebesque JV. A veriﬁcation procedure to
improve patient set-up accuracy using portal images. Radiother Oncol
1993;29:253–60.
[10] Sijtsema NM, van den Bergh ACM, Burlage FR, Bijl HP, Langendijk JA, Meertens
H. Patient position veriﬁcation with oblique radiation beams. Radiother Oncol
2007;85:126–31.
[11] Krystek M, Anton M. A weighted total least-squares algorithm for ﬁtting a
straight line. Meas Sci Technol 2007;18:3438–42.
[12] Topolnjak R, Sonke J, Nijkamp J, et al. Breast patient setup error assessment:
comparison of electronic portal image devices and cone-beam computed
tomography matching results. Int J Radiat Oncol Biol Phys 2010;78:1235–43.
[13] Remeijer P, Geerlof E, Ploeger L, Gilhuijs K, van Herk M, Lebesque JV. 3-D Portal
image analysis in clinical practice. An evaluation of 2-D and 3-D analysis
techniques as applied to 30 prostate cancer patients. Int J Radiat Oncol Biol
Phys 2000;46:1281–90.
[14] White EA, Cho J, Vallis KA, et al. Cone beam computed tomography guidance
for setup of patients receiving accelerated partial breast irradiation. Int J Radiat
Oncol Biol Phys 2007;68:547–54.
[15] Fatunase T, Wang Z, Yoo S, et al. Assessment of the residual error in soft tissue
setup in patients undergoing partial breast irradiation: results of a prospectivestudy using cone-beam computed tomography. Int J Radiat Oncol Biol Phys
2008;70:1025–34.
[16] van der Laan HP, Hurkmans CW, Kuten A, Westenberg HA. Current
technological clinical practice in breast radiotherapy; results of a survey in
EORTC-Radiation Oncology Group afﬁliated institutions. Radiother Oncol
2010;94:280–5.
[17] Zhang J, Wu QJ, Godfrey DJ, Fatunase T, Marks LB, Yin FF. Comparing digital
tomosynthesis to cone-beam CT for position veriﬁcation in patients
undergoing partial breast irradiation. Int J Radiat Oncol Biol Phys
2009;73:952–7.
[18] Lyatskaya Y, Buehler A, Ng SK, Wong J, Bellon JR, Zygmanski P. Optimal gantry
angles and ﬁeld sizes in kilovoltage cone-beam tomosynthesis for set-up of
women with breast cancer undergoing radiotherapy treatment. Radiother
Oncol 2009;93:633–8.
[19] Penninkhof J, Quint S, Boer H, Mens JW, Heijmen B, Dirkx M. Surgical clips for
position veriﬁcation and correction of non-rigid breast tissue in simultaneously
integrated boost (SIB) treatments. Radiother Oncol 2009;90:110–5.
[20] Harris E, Donovan E, Yarnold J, Coles C, Evans P. Characterization of target
volume changes during breast radiotherapy using implanted ﬁducial markers
and portal imaging. Int J Radiat Oncol Biol Phys 2009;73:958–66.
[21] van der Salm A, Strijbos J, Dijcks C, Murrer L, Borger J, Boersma L. Use of skin
markers and electronic portal imaging to improve veriﬁcation of tangential
breast irradiation. Radiother Oncol 2009;90:106–9.
